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(1) Radiation from Clem sky: 
b) Tmsmission for sun rildutloii :dJIJllt U.W.. ............... 

(2 Sky covered by Ci-St.. ....................................... 
(4) Sky coverad by St-Cu liiot very dmse).  shout.. ............... 
(5) Sky covered by Nh (not very tienscj, d J O u t . .  ................. 
(6) Sky covertd by Nb (very dense]. ............................. 

p) Tmsn~ission for sun rad+t!tjon about. p.75.. ............... 

(31 Sky covrnd by A-St.. ....................................... 

sun and with increase in cloudiness. In the h t  place 
under the more simple conditions presented by a clear 
sky, one of the prime ob’ects of sky actinometry ought 

sky on the one hand and the height of the sun and diffus- 
ing power of the atmosphere on the other. Here a com- 

arison between the observations and the theory of L.V. 
k m g  may be of value, and may lead to a conception of the 
ratio between the amount of radiant energy diffused by 
the dust partichs and the aniouiit, t,ransforniecl by them 
into heat. A close agreement between observations ani1 
the theor nanied is not t.0 be espccted without an es- 

tions, while the reflection of t e light from the earth’s 
surface introduces a complication not considered in the 
theory. This is probably the reason why Alclrich,’ ob- 
serviii in California, found n more rapid decrease in tlie 
sk ra iation than demanded by the theory. 

&ro! the climatological oint of view the influence of 

im ortance, though very dificult to subject to ge.nerii1 
ru&. The cloud-forms are innumerable and the mflu- 
ence of different clouds exhibits rent variations. From 

scribed above in the sumnier of 191S, and a t  Waqhington 
in the summer of 1919, I haTe drawn up the following 
table, wherein the numbers ought only to be taken to be 
what they are-the average of some few cases. 

to be to fix the relation i etweeii the radiation from the 

1 tension om 9 the theory or an ad’ustment of the observa- 

clouds upon the heat exciange 7 

my observations at Upsala, wit ‘31 the instrument de- 

is naturally of great 

I- _-_- 
0.10 + 
0.30 + 

0.15-d.30 + 
0.2ILO. 40 + 

0 . 3  i~ 
0.35 - 
0.10 - 

FIG. 1.-Variation in sky r3diation with cloudiness. 

TABLE l.-Tkriation in sty radiation un?h cloudiness. 
(Sun’s mnith distance 10°-300.) 

The table shows some interesting and important 
features. With increasing density [n =nebulosity] of 
the cloud sheet the radiation from the sky first increases 
in order to reach n masimum, after which it decreases 
with increased heaviness of the doud. For the cloudi- 
ness corres onding to the masimum of skr radiation, 
the sun J i a t i o n  is practically nil. The radiation ill- 
come conespoding to the cloudiness 10 is consequently 
~ ~ 

1 Aldrich, L. E. The Smithsonisn eclipse expedition of June S, 191s (Smithsmian 
Yire. .d. ,  No. 9, 1919). 

under these conditions not equal to 0, as is often assumed, 
hut ahout 50 per cent of the sun radiation when the 9ky 
is clear. On the average tlie cloudiness 10 causes a de- 
crease in t.he t,otal heitt income down to about 30 per 
cent.. In regarc1 to the influence of cloudiness upon the 
total heat, iiwonie, I have given a survey of the question, 
just publis11t.il in the Meteoro7ogiseh,e Zeitsehri t,3 on the 
h i s  of Iiiiiihnll’s olxiervations wit,h the C f lendar re- 
corclia~-insl.l.unient. A more det.ailed treatnient, of t.he 
quest.ion will soon a pear hy Prof. Kimhall liiniself.’ 
Tile siipcrpi)~it~inn of t s ie diffused sky radiation upon the 
direct) rntlintion from the sun is, in large art, the reason 
tliat tlie lieat, iiiroirie at, the cloudiness 5 ror 50 per cent) 
is nrnrl-j- s!j per cent. of t,he heat income for clear sk . 

After the maximum is reached tui increased clouc f mess 
cmses 21 decrease in t,he radiation from the sky. When 
t.hr railiatioii froin the sky has reached a certain low 
vduc-not very clifierent from the value corres onding 
to a clear sky-rain generally be ins to falf This 
act,inoiiiet.ric rain iiniit is mturally c i! ependent u on the 
1it.igLt of tilo sun itl~ove the horizon, but seems, or uni- 
formly cloudecl sky and const.aiit solar height, to niain- 
t,tiiii :I. rnluc tlmt fiuct>uates oidg between narrow limits. 
For the local forecasting of rain a closer investigation of 
t,liesc coiidit,ioiis niay prove to be O€ value. 

Purely p1iyeice.l mcl nintheniatica.1 problems may be 
solvctl hy oae singlc invest.igiit,or limited to a certain 
p1ac.c and, in r e g d  to time, dependent only upon the 
riipirlity of the work of the iiivestigntor’s brain or his 
experinient>nl speed and skill. But meteorolo ical rob- 

over wide nrrBq and coiit,inuing their work over consicler- 
able int.ervals of time. If the resent paper has been 

wide problems oft’ered by the actiiionietry of the sky, it 
will liare fillcil its purpose. 

P 

h i s  need for t,lieir solut.ion many observers %- istri -B uted 

able to clraw uttent.ion nnd attnc E interest to some of the 

NOTE ON COMPARISONS BETWEEN PYRHELIOMETERS 
AND ON THE DIFFERENCE BETWEEN THE ANGSTROM 
STANDARD AND THE SMITHSONIAN STANDARD. 

By Dr. ANUERY ANGSTROM. 

[Dated: Neteorologicel Bmecru, Stockholm, Sweden, October, 1919.1 

T;:e cimt,ant of trl:e Angst,rom pyrheliometer No. 158, 
iisecl 113’ myself chiring espedit.iom to Algeria aud Cali- 
fiirnia, vim clet,eriiiiiied in 19 15 from measurements of 
the Lvicltii m d  resist.nnce of the strips and found to be 
13.5s.’ Using this value of the constant, tlie instru- 
nieiit -.i-as found t,o rend 1.85 p ~ r  cent lower than the 
st,:udtird instrunleiit of the solar observatory at  Upsala 
L 2 = 0 . 9 s 7 5 - J J  wl-llicji w e  will iadicate in the fol- 
lou-iiig hy tile Biigstroiii Stmdard (A. S.)? Shortly 
aft,erv;arcls (in tlie suninier 1912) the pyrheliometer No. 
1% was c.onipnrec1 by Dr. Alhot and myself wit11 a uewly 
st.niida.rized secondiwy pyrheliometer of the Sniitlisonian, 
(A. P. 0. 9). ant1 later hy ‘Ur. Ahbot with the Smitli- 
soniaii seccmlnry st,anclard it.self (4. P. 0. 8. his.). The 
results of ti:c.se comparisons were that No. 155 read 4.5s 
pcp cent f o . 1 5  lou-er tiiaii t-lie Sniitlisonian staudard 
(8. I .  8.) re+ = 1.045S]. Consecluestly the differ- 

-- - _____- 
1 .it the Solar I #lscrvstorr at Upsala hp Dr. Liudholm. 
3 Zs A. S. the pyrheliomet’er No. 70 Ims since 1906 been in permanant use. 
J Ijngstrt;iu Annlars: ~ I P L  Zaclirt. IX .Y/~O.  INS. 
4 Iumh311, k. ZI. See tl& REVIEW, pp. 769-793. 
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ence between the A. S. and the S. I. S., was in 1912 

3.27 per cent I]S;I~-~. -= 1.03271. 

Six years later-in the summer of 1919-1 have now 
had the opportunity to make a new comparison between 
the readings of the Angstriim pyrheliometer No. 15s and 
the Smithsonian scale at  the observatory of Prof. Kimhall 
of the U. S. Weather Bureau. A number of simultaneous 
readings were taken with No. 158 and t3e newly st.tuidard- 
ized Sniithsonias Silver disk pyrheliometer No. 1. The 
conditions of the sky were not very favoralde, very thin 
cirro-stratus causing irregular disturbances. No. 15s W L Y  
found to read 4.950.4  per cent lower than t!:c Smith- 
soniau (August 1919) [“;ht5:.- -- i.org]. 

Imniediat,el aft.er ni ret,um to Sweden, No. 15s was 

time of the observations the conclit,ious of t8he sky were 
very favorable, the at,mosphere being clear, tdlie air very 
pure and calm weather prevailinv. No. 155 was found 

compared by 3br. Lund 5 lad with the A. S. During the 

cent (f 0.1) Power than the 8. S. 
Consequently the difference between 

the A. S. and the S. I. S. 
found to be 3.23 per cent 

There is an escellent agreement bet,ween this d u e  and 
the oiie obt&ed 6 years ago, the difference fulling niudi 
below the probable error (about f 0.2 per cent,). The 
result agrees further very well wit11 resu1t.s of coin arisons 

the A. S. and the S. I. S. to be on the average 3.4 per 
From my comparisons it, may be regarded as a 

safe conclusion, that neither the Angst,rom Stanchrd nor 
the Sniitlisonian Standard has since 1913 been subjected 
to changes which practically need to be considered. The 
previous discussion consequently support.s as well tlie 
opinions expressed by G. Gran uist‘ in regard to the 
h a s t r o m  standard as those of %. G. Abbots in regard 
to the Smithsonian one. 

In a previous paper I have given reasons for assuming 
that 1.8 per cent of the difference between the pyrhe- 
liometer scales may be due to special features in the con- 
struction of the compensation pyrl:eliometer, whose 
readings consequent1 in general ought. to  be corrected 
by + 1.8 per cent. $he remaining 1.5 per cent! I ani still 
inclined to believe to &ere to the Sniitlisonian scale, 
the measurements of Coblentz and of Royds having sup- 
ported the value found by K. hgst.rom for tlie absorption 
power of soot and applied by him to the coniput,ed 
values of yrheliometer constants.’ 

ings, it is, as in tlie case of all instnmients, of great impor- 
tance to make sure that the instrument itself is in un- 
changed condition, at least in its general and perceivable 
feat,ures. No one expects accurate results from the 
readings of a thermometer whose bull) has been hokeii, 
or a barometer whose mercury has been oxidized. In 
using the electrical-compensation pyrheliometer it is 
important to make sure that the strips are straight, 
unlfornily black, and adhering to the supporting frame. 
An important source of error may arise from the fact 

by Marten at Potsdam, who fouad the clifference P Jetween 

In app P ying given constants to pyrheliometric read- 

a W. Marten: Messunger der Sownerstrshlun rn Potsdam In der Jahrcn 1909 lJis 1912. 

4 Bericht tiber die erste Taeune der Strahlunes Kommision des internationalen 
(Verirff. des Konigl. Prcuss. Meteor. Inst.,%o. 2671 

Meteor. Yomitees in Rap er<wyl%ei Zurich in Gptember, 1912, Anhung I V ,  1912. 

p. 318. 

3 Abbot and didrich: 8mit8sonian Misc. Coll. Bd. 60,1913. 
I W. W. Coblentr: Bull. of Bureau ofltandards,O, 193. Royds: Phys. Zeitsehrift 1910, 

that the measurements involve the use of a millammeter 
for reading the compensation current. Generally these 
millammeters are good and their temperature coefficient 
ne ligible-at least my own exlerience with the 

Electrical Instrument Company has been highly satis- 
factory. But it sometimes occurs that instruments 
even of the best make will show considerable errors, 
especially with change in temperature, and a control is 
therefore necessary. Es ecially the ammeters, which on 

control tlirougli comparisoas with other instruments or 
through. nem sbandardization at  certain intervals. These 
precau t,ions taken , the electric a1 conip ens d o n  pyrlielio- 
met,ers seem, accordiao to niy esperience, to be constant 
in their readings. Sleir  disadvautage compared with 
t’lie Smithsonian secondaries lies in their more delicate 
const.iuct.ion and their need of ausiliary instruments. 
Their chief advant,ag.e lies in the possibility of controllin 

resist.ance of the strips, which ought to be possible at 
every well-furnished physical 1aborat8ory; and, further, 
in the possibility of giving alniost, momentary values of 
radiation, which is especially iniportant when one 
att.empt,s to measure, for instmame, tile trwsniission of 
clouds, or tries t.0 follow rapid variat.ions in the radiation. 

To Dr. Abbot, Prof. Gnbal l ,  Dr. Lindholm mid Dr. 
Lundblrtd, niy tlianlrs are due for assistance h com- 
p arisons . 

mi?lamnieters of Siemens and Hals-e L and of Weston 

espedit,ions are carried a F ong with a pyrheliometer, need 

the const,ant, clet,ennmat.ion by measuring the width an f 

COMPARISON OF METHODS FOR COMPUTlNCf DA1I.V 
M EA N TEMPERATURES i -EFFECT 0 F-. D IS CREPANCr ES 
UPON INVESTIGATIONS OF CLIMATOLOGISTS AND 
Bl  OLOG ISTS. 

By F. 2. HARTZELL, dsaockte Entomologist. 

(Author’s abstract of Technical Bulletin No. 68 N. Y. Agricultural Experiment Sta- 
tion, Geneva, N. y., June, 19i9, So, 35 pp., 19 figs.) 

[Dated: Vineyard Laboratory, Agricultural Experiment Station, Fredonla, N. Y., 
Nov. 8,1919.1 

The daily mean t.emperature is the thermal time unit 
in most general use among climatologists and ecological 
workers in botany and zoology; and, usually, this 
average is computed from mRcximum and minimum 
readings taken a t  some convenient hour. The true 
daily mean temperature is secured by mechanically 
hite rtting, with a planimetler, the corrected thermo- 
grn$ curve of the h u m  type of thermograph, or, in 
any case, by summin the average hourly tem eratures, 
nnd dividing the resu Y t by 34 in every case. !F his mean 
is designated tqhe thermogra h average, while the ap- 
prosimate mean, computed P rom masimum and mini- 
mum readings, is known by the hour at which the 
observations were recorded; via, the midnight, 12 p. m., 
8 . m., or 5 p. m. average. 

f t  was found that the thermograph average seldom 
was the same as any of the corresponding approsimate 
averages. The difrerences have been designated dis- 
crepancies”; which are positive if the given avera e is 
greater t,han the thermograph average; negative, if ? ess. 
The cliscre ancies for the various averages a t  Predonia, 
N. P. (LrtIe Erie Valley), for every day of 1916, were 
investigated by means of the statistical methods of 
Pearson. 

In  order to analyze the data, so as to determine the 
effect of the discrepancies on the mean annual tempera- 
ture the discrepancies for each series of averages wexe 
combined in frequency polygons, and the theoretical 


